
Hindawi Publishing Corporation
Journal of Industrial Engineering
Volume 2013, Article ID 593108, 10 pages
http://dx.doi.org/10.1155/2013/593108

Research Article
A Price-Dependent DemandModel in the Single Period Inventory
Systemwith Price Adjustment

�amran �orghani� A�ol�a�l Mir�a�adeh� andMehdi �a�ee

Department of Industrial Engineering, University of Kharazmi, Tehran, Iran

Correspondence should be addressed to Abolfazl Mirzazadeh; a.mirzazadeh@aut.ac.ir

Received 31 August 2012; Revised 20 November 2012; Accepted 26 November 2012

Academic Editor: Jun Zhao

Copyright © 2013 Kamran Forghani et al. is is an open access article distributed under the Creative Commons Attribution
License, which permits unrestricted use, distribution, and reproduction in any medium, provided the original work is properly
cited.

e previous efforts toward single period inventory problem with price-dependent demand only investigate the optimal order
quantity to minimize the total inventory costs; however, there is no method in the literature to avoid unwanted costs due to
the deviation between the actual demand and the previously estimated demand. �o �ll this gap, the present paper supposes that
stochastic demand rate with normal distribution is sensitive to the selling price; this means that increasing the selling price would
decrease the demand rate and vice versa. Aer monitoring the consumption trend within a section of the period, a new selling
price is implemented to change the demand rate and reduce the shortage or salvage costs at the end of the period. ree functions
were suggested to represent the demand rate as a function of selling price, and the numerical analysis was implemented to solve the
proposed problem. Finally, an illustrative numerical example was solved for different con�gurations in order to show the advantages
of the proposed model. e results revealed that there is a signi�cant improvement in the system costs when price revision is
considered.

1. Introduction

Inventory management is an important task in the business
operations. e classical single period problem (SPP) deals
with the purchasing inventory problem for single-period
products, such as perishable or seasonal goods. e SPP
has been popularly researched in the last decade, because
of its extensive application in the inventory management
of the products with short life cycles (e.g., fashion clothes
and electronic products [1]). e authors made extensions
to incorporate real world situations in SPP (for further
information refer to Khouja [2]); however, there are two
important problems in SPP; the �rst one is how to be in front
of demand’s uncertainty in the real dynamic global condition
and the other one is how to deal with the demand pattern
which is dependent to the selling price.

For the price-dependent demand background,Whitin [3]
assumed that the expected demand is a function of price,
and by using incremental analysis, he derived the necessary
optimality condition. Whitin then provided closed-form
expressions for the optimal price, which is used to �nd the

optimal order quantity for a demand with a rectangular
distribution. Mills [4] assumed demand to be a random
variable with an expected value that is decreasing in price
and with constant variance. Mills derived the necessary
optimality conditions and provided further analysis for the
case of demand with rectangular distribution. Karlin and
Carr [5] replaced the additive relation presented by Mills
[4] with the multiplicative relation for the price-dependent
demand where the expected price is an exponential function
of two positive constants with the additional restriction that
random variable obeys a cumulative distribution function
with a mean of 1. A. H. L. Lau and H. S. Lau [6] developed
a price-dependent demand model, in which the demand’s
mean, standard deviation, skewness, and kurtosis are all
functions of price. e proposed model was constructed
based on the method of moments, which equates the
moments of the distribution to their empirical averages in
the data. Polatoglu [7] considered the simultaneous pricing
and procurement decisions.ree kinds ofmodels (including
additive, multiplicative, and riskless models) were used to
represent the random demand as a function of selling
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T 1: Consumption trend for the �rst 15 days.

Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15
Demand 16 12 19 24 24 27 7 17 23 13 15 10 9 13 14

T 2: Computational result without price revision.

Primary inventory (𝐼𝐼0) 400 500 600
Expected NPV without price revision (NPVW) 1320.0 7058.4 5490.0

price. Polatoglu analyzed the SPP under general demand
uncertainty to reveal the fundamental properties of themodel
independent of the demand pattern. Polatoglu and Sahin [8]
studied a periodic inventory model with stochastic demand,
which is dependent on the unit price. Abad and Jaggi [9]
considered the problem of setting unit price and length of
the credit period with price sensitive demand. A. H. L. Lau
and H. S. Lau [10] studied the effect of �ve different price-
dependent deterministic demand functions and showed that
sometimes a slightly different demand function can lead to
large change in the optimal solutions of the model. Banerjee
and Sharma [11] considered a deterministic inventory model
for a commodity with seasonal demand. In this model, the
product under consideration has general price- and time-
dependent seasonal demand rate. Simultaneous decisions
were taken regarding the number of seasonal intervals before
replenishment, the optimal order quantity, and the selling
price, so as to maximize the net pro�t per unit time.

From the other side, to overcome the problem of differ-
ence between the real demand and estimated demand, that
causes overstock or understock at the end of period, Bitran
and Mondschein [12] characterized the optimal pricing
policies as functions of time and inventory to present a
continuous time model where the seller faces a stochastic
arrival of customers with different valuations of the product.
ey showed that the optimal pricing policy is to successively
discount the product during the season and promote a
liquidation sale at the end of the planning horizon. Khouja
[13] extended the SPP to the case in which demand is
price dependent. Multiple discounts with prices under the
control of the newsvendor were used to sell excess inventory.
Two algorithms were developed to determine the optimal
number of discounts under �xed discounting cost for a given
order quantity and realization of demand. Also, the joint
determination of the order quantity and initial price was
analyzed. Şen and Zhang [14] considered the newsboymodel
with multiple demand classes, each with a different selling
price. Optimal order quantity and demand values in each of
the demand classes were determined by following a policy
based on protecting the sales in the higher fare class and
limiting the sales in the lower fare class. Feng and Xiao [15]
investigated optimal times to switch between prices based
on the remaining season and inventory; it was assumed that
demand is price dependent with Poisson process. Petruzzi
and Dada [16] presented a multiperiod newsvendor model
to determine optimal stocking and pricing policies over time
when a given market parameter of the demand process,
though �xed, but initially is unknown. Chung et al. [17]

extended the classical SPP by allowing the retailer to make
an in-season price adjustment aer conducting a review and
using the realized demand to obtain an accurate estimate
of the remaining demand. In order to obtain optimal order
quantity and adjusted price aer the review time, they
considered a zero salvage value, small variance aer review
time, deterministic function of price, and information before
review time.

It is noticeable that pricing policies and price-dependent
demand models have extensive applications in the other
inventory �elds; for instance, �ou and Chen [18] attempted
to explore the inventory replenishment policy in EOQ setting
by assuming that demand is sensitive to stock and selling
price. In the proposed approach, optimal decision rules were
surveyed without price change, with a single price change,
and with two price changes. Also In the extension of this
paper, Mo et al. [19] analyzed the optimal decisions for
general value of n changes. Sinha and Sarmah [20] developed
a single-vendor multibuyer discount pricing model under
stochastic demand information. In this model, the vendor
offers multiple pricing schedules to encourage the buyers to
adopt the global optimal policy instead of their individual
optimal ordering policy. Chen et al. [21] studied a coordina-
tion contract for a supplier-retailer channel with stochastic
price-dependent demand. ey supposed a two-stage opti-
mization problemwhere in the �rst stage the supplier decides
the amount of capacity reservation, and in the second stage
aer updating demand information, the retailer determines
the order quantity and the retail price. Also, Chiu et al.
[22] presented a policy for channel coordination in supply
chains with both additive andmultiplicative price-dependent
demands.e proposed policy combines the use of wholesale
price, channel rebate, and returns.

e previous efforts toward single period inventory
problem with price-dependent demand only investigate the
optimal order quantity to minimize the total inventory costs;
however, there is no method in the literature to avoid
unwanted costs due to the deviation between the actual
demand and previously estimated demand. To �ll this gap,
the present paper supposes that, the stochastic demand rate
with normal distribution is sensitive to the selling price;
this means that increasing the selling price would decrease
the demand rate (by affecting mean and variance of the
demand rate distribution) and vice versa. Aer monitoring
the consumption trend within a section of the period, a new
selling price is implemented to change the demand rate and
reduce the shortage or salvage costs at the end of the period.
ree functions are suggested to represent the demand
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T 3: Computational results considering 𝐼𝐼0 = 400.

Ratio function 𝛼𝛼 𝛽𝛽 𝑝𝑝∗E NPV∗
E 𝑝𝑝∗A NPV∗

A NPVA(𝑝𝑝
∗
E) Imp. (%)

Linear
— 2 110.6 8529 114.5 9442 9061 586.4%
— 1.8 103.9 7633 107.3 8404 7986 505.0%
— 1.5 94.4 6311 96.8 6859 6439 387.8%

Two-segment
6 2 110.6 8529 114.5 9442 9061 586.4%
5 1.8 103.9 7633 107.3 8404 7986 505.0%
7 1.4 91.4 5877 93.4 6348 5935 349.6%

Exponential

1.2 1.9 92.1 5928 94.8 6516 6096 361.8%
1.7 2.1 89.6 5594 91.8 6101 5674 329.9%
1.2 0.8 100.8 7067 104.9 7933 7533 470.7%
0 2 99.2 6865 102.7 7646 7267 450.6%

T 4: Computational results considering 𝐼𝐼0 = 500.

Ratio function 𝛼𝛼 𝛽𝛽 𝑝𝑝∗E NPV∗
E 𝑝𝑝∗A NPV∗

A NPVA(𝑝𝑝
∗
E) Imp. (%)

Linear
— 2 90.7 7165 92.3 8782 8761 24.1%
— 1.8 85.3 6795 87.9 8267 8137 15.3%
— 1.5 80.7 6528 83.5 7657 7275 3.1%

Two-segment
6 2 90.7 7165 92.3 8782 8761 24.1%
5 1.8 85.3 6795 87.9 8267 8137 15.3%
7 1.4 79.4 6678 82.4 7496 6628 −6.1%

Exponential

1.2 1.9 79.5 6530 81.9 7404 6852 −2.9%
1.7 2.1 79.2 6557 81.4 7323 6691 −5.2%
1.2 0.8 80.8 6530 84.1 7715 7301 3.4%
0 2 80.8 6530 83.8 7700 7301 3.4%

rate as a function of selling price, and numerical analysis
is implemented to solve the proposed problem. Finally, a
numerical example is solved for various con�gurations, and
sensitivity analysis is performed to show the efficiency of the
proposed approach.

2. The Classical NewsvendorModel

Single period problem or newsvendor problem is one of the
most well-known inventory models which attempts to �nd
order quantity within stochastic demand in a single period so
as to maximize the expected pro�t or minimize the expected
costs (these terms are equal). e assumptions of this model
are as follows.

(i) Demand is a stochastic variable.
(ii) Unsold items are sold by a discount (salvaged) or

disposed at the end of the period.
(iii) Shortage is allowed.
(iv) Only one purchase order is allowed and the ordered

lot is placed at the beginning of the period.

For the classical newsvendor problem, the optimum order
quantity (𝑄𝑄∗) can be easily obtained through the following
equation [2]:

𝑄𝑄∗ = 𝐹𝐹−1 󶀥󶀥
𝑝𝑝 𝑝 𝑝𝑝 𝑝 𝑝𝑝
𝑝𝑝 𝑝 𝑝𝑝 𝑝 𝑝𝑝

󶀵󶀵 , (1)

where 𝑝𝑝 is the unit selling price, 𝑐𝑐 is the unit procurement
cost, 𝑣𝑣 is the unit salvage value, 𝑠𝑠 is the unit shortage cost,
and 𝐹𝐹−1(⋅) denotes the inverse of the cumulative distribution
function of demand.

3. The NewsvendorModel with
Inventory Revision

e previous efforts toward single period problem with
price-dependent demand only investigate the optimal order
quantity to minimize the total inventory costs; however,
there is no method in the literature to avoid unwanted
costs due to the deviation between the actual demand and
previously estimated demand. To �ll this gap, the present
paper supposes that demand rate is sensitive to the selling
price; this means that increasing the selling price would
decrease the demand rate and vice versa. Aer monitoring
the consumption trend within a section of the period, a new
selling price is implemented to change the demand rate and
reduce the shortage or salvage costs at the end of the period.
For illustration, in Figure 1, demand rate within the interval
[0, 𝑡𝑡0] shows that it is most likely to have some remaining
stock at the end of the period; hence, we should decrease the
selling price to increase the demand rate and consequently
avoid the salvage cost. From the other side, in Figure 2,
demand rate within the interval [0, 𝑡𝑡0] shows that it is most
likely to have some unsatis�ed demand at the end of the
period, and therefore we should increase the selling price in
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T 5: Computational results considering 𝐼𝐼0 = 600.

Ratio function 𝛼𝛼 𝛽𝛽 𝑝𝑝∗E NPV∗
E 𝑝𝑝∗A NPV∗

A NPVA(𝑝𝑝
∗
E) Imp. (%)

Linear
— 2 89.9 4174 89.9 5827 5827 6.1%
— 1.8 81.9 3885 81.9 5507 5507 0.3%
— 1.5 71.0 4455 72.5 6077 6027 9.8%

Two-segment
6 2 74.7 7572 76.1 8450 7726 40.7%
5 1.8 73.6 7134 75.4 8142 7362 34.1%
7 1.4 75.4 7873 76.8 8675 7874 43.4%

Exponential

1.2 1.9 71.5 6294 73.7 7423 6791 23.7%
1.7 2.1 72.6 6824 74.6 7822 7037 28.2%
1.2 0.8 68.8 4978 71.8 6404 5930 8.0%
0 2 69.1 4831 71.8 6319 5985 9.0%

order to decrease demand rate and consequently reduce the
shortage cost.

e assumptions in this work are as follows.

(i) e demand rate is a stochastic normal variable.
(ii) e parameters of the demand rate distribution are

unknown before the beginning of the period.
(iii) e demand rate is sensitive to the selling price.
(iv) Mean and variance of the demand rate are a determin-

istic functions of the selling price.
(v) e changed demand rate is stable aer price revision.
(vi) e order quantity is known and placed at the

beginning of the period as the initial inventory level.

Note that, since the parameters of the demand rate distribu-
tion are unknown before the beginning of the period, we can
use the expert’s opinion to obtain initial inventory level, or
the information of the similar commodities can be used to
obtain it by using (1).

Also, the following notations are used in the mathemati-
cal model.

𝐼𝐼0: initial inventory level at the beginning of the
period.
𝑡𝑡0: revision point.
𝑝𝑝0: selling price before price revision.
𝑝𝑝: unit selling price aer price revision.
𝑐𝑐: unit procurement cost.
𝑐𝑐0: unit salvage (or dispose) value.
𝑠𝑠: unit shortage cost.
𝐷𝐷: stochastic demand rate aer price revision, where
𝐷𝐷 𝐷 𝐷𝐷𝐷𝐷𝐷𝐷𝐷, 𝜎𝜎

2
𝐷𝐷).

𝑅𝑅𝑝𝑝: variation ratio in the demand rate when revising
selling price.
𝑝𝑝∗A: optimum revised price based on the actual
demand rate distribution.
𝑝𝑝∗E: optimum revised price based on the estimated
demand rate within the interval [0, 𝑡𝑡0].
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F 1: Consumption trend and predicted remaining stock at the
end of the period.

NPVA: optimumnet present value based on the actual
demand rate distribution.
NPVE: optimum net present value based on the
estimated demand rate.

As it was mentioned, the parameters of the demand rate
distribution are unknown at the zero time. ese parameters
can be estimated based on the consumption trend. So𝐷𝐷 and
𝑆𝑆2𝐷𝐷 are introduced as the mean and variance of demand rate
before the revision point (𝑡𝑡0), respectively. ese parameters
are estimated as follows:

𝐷𝐷 𝐷
󶀢󶀢𝐼𝐼0 − 𝐼𝐼𝑡𝑡0󶀲󶀲

𝑡𝑡0
, 𝑆𝑆2𝐷𝐷 =

∑𝑡𝑡0
𝑖𝑖𝑖𝑖 󶀡󶀡𝐼𝐼𝑖𝑖𝑖𝑖 − 𝐼𝐼𝑖𝑖 − 𝜇𝜇𝐷𝐷󶀱󶀱

2

𝑡𝑡0 − 1
. (2)

In (2), 𝑡𝑡0 should be as large enough to appropriately estimate
𝐷𝐷 and 𝑆𝑆2𝐷𝐷; however, if we take 𝑡𝑡0 too large, less time remains
to adjust the inventory level. erefore, we need to establish
a compromise between the remaining time and the use of
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F 2: Consumption trend, predicting shortage at the end of the
period.

the past information. For commodities, which have a selling
period more than 30 days, using the information of 10–15
days may be sufficient to estimate the parameters of the
demand rate distribution.

Now, in order to represent the demand rate aer revision
point (𝐷𝐷) in terms of selling price 𝑝𝑝, we assume that 𝐷𝐷 𝐷
𝑁𝑁𝑁𝑁𝑁𝐷𝐷, 𝜎𝜎

2
𝐷𝐷), where 𝜇𝜇𝐷𝐷 and 𝜎𝜎2𝐷𝐷 are the mean and variance of

demand rate distribution aer revision point, respectively.
Since 𝐷𝐷 is directly proportional to 𝑅𝑅𝑝𝑝, 𝜇𝜇𝐷𝐷 and 𝜎𝜎2𝐷𝐷 are
estimated as follows:

𝜇𝜇𝐷𝐷 = 𝐷𝐷 𝐷 𝐷𝐷𝑝𝑝 =
󶀢󶀢𝐼𝐼0 − 𝐼𝐼𝑡𝑡0󶀲󶀲 𝑅𝑅𝑝𝑝

𝑡𝑡0
,

𝜎𝜎2𝐷𝐷 = 𝑆𝑆2𝐷𝐷 ⋅ 𝑅𝑅2𝑝𝑝 =
∑𝑡𝑡0
𝑖𝑖𝑖𝑖 󶀡󶀡𝐼𝐼𝑖𝑖𝑖𝑖 − 𝐼𝐼𝑖𝑖 − 𝜇𝜇𝐷𝐷󶀱󶀱

2

𝑡𝑡0 − 1
𝑅𝑅2𝑝𝑝.

(3)

In (3), 𝑅𝑅𝑝𝑝 is inversely proportional to 𝑝𝑝, that is, increasing
𝑝𝑝 would decrease 𝑅𝑅𝑝𝑝 and consequently decrease 𝐷𝐷, and vice
versa. erefore,𝐷𝐷 is sensitive to 𝑝𝑝.

To represent the inverse relation between 𝑝𝑝 and 𝑅𝑅𝑝𝑝,
we present several ratio functions that satisfy the following
requirements:

(i) 𝑅𝑅𝑝𝑝 = 1, for all 𝑝𝑝 𝑝 𝑝𝑝0.
(ii) 𝜕𝜕𝜕𝜕𝑝𝑝/𝜕𝜕𝜕𝜕 𝜕 𝜕.
(iii) lim𝑝𝑝𝑝𝑝𝑅𝑅𝑝𝑝 = 0.
(iv) 𝑅𝑅𝑝𝑝 = 1, for all 𝑝𝑝 𝑝 𝑝𝑝0.

en, the �rst requirement indicates that the demand rate
would not change if the selling price is the same before being
offered, the second one represents that 𝑅𝑅𝑝𝑝 and 𝑝𝑝 have inverse
relation, the third one implies that the demand rate would
become almost �ero if the selling price increases signi�cantly,

1

F 3: Linear ratio function.

and the last one represents that demand rate at any moment
is a positive value. It is necessary to note that the revised
price should be greater than 𝑐𝑐0, because we are sure that the
remaining stock can be sold without any trouble.

3.1. Linear Ratio Function. In the linear ratio function, it is
assumed that the relation between 𝑅𝑅𝑝𝑝 and 𝑝𝑝 is approximately
linear (see Figure 3); therefore, the following function can be
implemented to represent it.

𝑅𝑅𝑝𝑝 =
󶀂󶀂󶀒󶀒󶀒󶀒
󶀊󶀊󶀒󶀒󶀒󶀒
󶀚󶀚

𝑝𝑝 𝑝 𝑝𝑝 𝑝 𝑝𝑝0
𝑝𝑝0 󶀡󶀡1 − 𝛽𝛽󶀱󶀱

, 𝑝𝑝 𝑝 𝑝𝑝 𝑝 𝑝𝑝0,

0, 𝑝𝑝 𝑝 𝑝𝑝 𝑝 𝑝𝑝0.

(4)

In (4), 𝛽𝛽 is the price elasticity; the higher the 𝛽𝛽, the more
elasticity there is.

3.2. Two-Segment Ratio Function. Since the linear ratio func-
tion is not more �exible, we present the two-segment ratio
function. is function consists of two linear sections (see
Figure 4).e inverse relation between 𝑅𝑅𝑝𝑝 and 𝑝𝑝 for the two-
segment ratio function can be expressed as follows:

𝑅𝑅𝑝𝑝 =

󶀂󶀂󶀒󶀒󶀒󶀒󶀒󶀒󶀒󶀒󶀒󶀒󶀒󶀒󶀒󶀒
󶀊󶀊󶀒󶀒󶀒󶀒󶀒󶀒󶀒󶀒󶀒󶀒󶀒󶀒󶀒󶀒
󶀚󶀚

1 − 𝛼𝛼
𝑝𝑝0 − 𝑐𝑐0

󶀡󶀡𝑝𝑝 𝑝 𝑝𝑝0󶀱󶀱 + 1, ∀𝑝𝑝 𝑝 𝑝𝑝0,

𝑝𝑝 𝑝 𝑝𝑝 𝑝 𝑝𝑝0
𝑝𝑝0 󶀡󶀡1 − 𝛽𝛽󶀱󶀱

, ∀𝑝𝑝0 ≤ 𝑝𝑝 𝑝 𝑝𝑝 𝑝 𝑝𝑝0,

0, ∀𝑝𝑝 𝑝 𝑝𝑝 𝑝 𝑝𝑝0.

(5)

In (5), 𝛼𝛼 is the variation ratio in the demand rate, when it is
assumed that 𝑝𝑝 𝑝𝑝𝑝 0, and 𝛽𝛽 is the price elasticity.

3.3. Exponential Ratio Function. �nother �exible function
which corresponds to the inverse relation between 𝑝𝑝 and 𝑅𝑅𝑝𝑝
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1

F 4: Two-segment ratio function.

1

F 5: Exponential ratio function.

is the exponential ratio function (see Figure 5).is function
can be expressed as follows:

𝑅𝑅𝑝𝑝 = 󶀥󶀥
𝑝𝑝0
𝑝𝑝
󶀵󶀵
𝛼𝛼
exp󶀦󶀦

𝛽𝛽 󶀡󶀡𝑝𝑝0 − 𝑝𝑝󶀱󶀱
𝑝𝑝0

󶀶󶀶 . (6)

Various values for 𝛼𝛼 and 𝛽𝛽 in (6) can yield different ration
functions.

e presented parameters in each ratio function, that is,
𝛼𝛼 and 𝛽𝛽, can be obtained according to the expert’s opinion or
using statistical methods such as regression.

Aer selecting an appropriate ratio function for the
problem, in the next step, in order to evaluate the net present
value (NPV), we should specify the probability distribution
of the inventory position (𝐼𝐼) at the end of the period. As 𝐷𝐷
is distributed normally, that is, 𝐷𝐷 𝐷 𝐷𝐷𝐷𝐷𝐷𝐷𝐷, 𝜎𝜎

2
𝐷𝐷), and since

𝐼𝐼 𝐼 𝐼𝐼𝑡𝑡0 − 𝐷𝐷𝐷𝐷𝐷 𝐷𝐷𝐷 0), 𝐼𝐼 is also distributed normally with
parameters 𝜇𝜇𝐼𝐼 and 𝜎𝜎

2
𝐼𝐼 , that is,𝐷𝐷 𝐷 𝐷𝐷𝐷𝐷𝐷𝐼𝐼, 𝜎𝜎

2
𝐼𝐼), where

𝜇𝜇𝐼𝐼 = 𝐼𝐼𝑡𝑡0 −
󶀢󶀢𝐼𝐼0 − 𝐼𝐼𝑡𝑡0󶀲󶀲 𝑅𝑅𝑝𝑝

𝑡𝑡0
󶀡󶀡𝑇𝑇𝑇𝑇𝑇  0󶀱󶀱 ,

𝜎𝜎2𝐼𝐼 =
∑𝑡𝑡0
𝑖𝑖𝑖𝑖 󶀡󶀡𝐼𝐼𝑖𝑖𝑖𝑖 − 𝐼𝐼𝑖𝑖 − 𝜇𝜇𝐷𝐷󶀱󶀱

2

𝑡𝑡0 − 1
𝑅𝑅2𝑝𝑝󶀡󶀡𝑇𝑇𝑇𝑇𝑇  0󶀱󶀱

2.

(7)

Aer specifying the distribution of 𝐼𝐼, we write NPV based on
𝐼𝐼 to analyze optimum value of selling price.

NPV =
󶀂󶀂󶀒󶀒
󶀊󶀊󶀒󶀒
󶀚󶀚

󶀢󶀢𝐼𝐼𝑡𝑡0 − 𝐼𝐼󶀲󶀲 𝑝𝑝 𝑝𝑝𝑝 𝑡𝑡0𝑐𝑐 𝑐 𝑐𝑐𝑐𝑐0, ∀𝐼𝐼 𝐼 𝐼𝐼

𝐼𝐼𝑡𝑡0𝑝𝑝 𝑝𝑝𝑝 𝑡𝑡0𝑐𝑐 𝑐 𝑐𝑐𝑐𝑐𝑐 ∀𝐼𝐼 𝐼 𝐼𝐼
(8)

In (8), if 𝐼𝐼 𝐼 𝐼, then we have salvage cost; otherwise, we have
shortage cost.

Now, we de�ne 𝜇𝜇NPV as the expected value of NPV and
obtain it as follows:

𝜇𝜇NPV = 𝐸𝐸 [NPV] = 󵐐󵐐
∞

0
󶀢󶀢−𝐼𝐼𝑡𝑡0𝑐𝑐 𝑐 󶀢󶀢𝐼𝐼𝑡𝑡0 − 𝐼𝐼󶀲󶀲 𝑝𝑝 𝑝𝑝𝑝𝑝𝑝 0󶀲󶀲 𝑓𝑓 (𝐼𝐼) 𝑑𝑑 (𝐼𝐼)

+ 󵐐󵐐
0

−∞
󶀢󶀢−𝐼𝐼𝑡𝑡0𝑐𝑐 𝑐 𝑐𝑐𝑡𝑡0𝑝𝑝 𝑝𝑝𝑝𝑝𝑝 󶀲󶀲 𝑓𝑓 (𝐼𝐼) 𝑑𝑑 (𝐼𝐼)

= − 𝐼𝐼𝑡𝑡0𝑐𝑐 𝑐 󶀢󶀢𝐼𝐼𝑡𝑡0 − 𝜇𝜇𝐼𝐼󶀲󶀲 𝑝𝑝 𝑝𝑝𝑝 𝐼𝐼𝑐𝑐0

+ 󵐐󵐐
0

−∞
𝐼𝐼 󶀡󶀡𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠    0󶀱󶀱 𝑓𝑓 (𝐼𝐼) 𝑑𝑑 (𝐼𝐼)

= − 𝐼𝐼𝑡𝑡0𝑐𝑐 𝑐 󶀢󶀢𝐼𝐼𝑡𝑡0 − 𝜇𝜇𝐼𝐼󶀲󶀲 𝑝𝑝 𝑝𝑝𝑝 𝐼𝐼𝑐𝑐0 + 󶀡󶀡𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠    0󶀱󶀱

× 󵐐󵐐
0

−∞

𝐼𝐼

󵀆󵀆2𝜋𝜋𝜋𝜋2𝐼𝐼
exp󶀧󶀧−

󶀡󶀡𝐼𝐼 𝐼𝐼𝐼 𝐼𝐼󶀱󶀱
2

2𝜎𝜎2𝐼𝐼
󶀷󶀷 𝑑𝑑 (𝐼𝐼) .

(9)

Aer simplifying (9), we have

𝜇𝜇NPV = − 𝐼𝐼𝑡𝑡0𝑐𝑐 𝑐 󶀢󶀢𝐼𝐼𝑡𝑡0 − 𝜇𝜇𝐼𝐼󶀲󶀲 𝑝𝑝 𝑝𝑝𝑝 𝐼𝐼𝑐𝑐0 + 󶀡󶀡𝑠𝑠𝑠𝑠𝑠𝑠𝑠𝑠    0󶀱󶀱

× 󶀪󶀪𝜇𝜇𝐼𝐼𝜙𝜙󶀪󶀪
−𝜇𝜇𝐼𝐼
󵀆󵀆𝜎𝜎2𝐼𝐼

󶀺󶀺 − 󵀌󵀌
𝜎𝜎2𝐼𝐼
2𝜋𝜋

exp󶀧󶀧−
𝜇𝜇2𝐼𝐼
2𝜎𝜎2𝐼𝐼

󶀷󶀷󶀷󶀷 ,
(10)

where 𝜙𝜙𝜙𝜙𝜙 is the cumulative distribution function of the
standard normal distribution.

As it is obvious in (10), the term of 𝜙𝜙𝜙𝜙𝜙𝜙𝐼𝐼/󵀆󵀆𝜎𝜎2𝐼𝐼) is
dependent on𝑝𝑝 and can only be numerically obtained; hence,
we cannot solve𝑑𝑑𝑑𝑑NPV/𝑑𝑑𝑑𝑑𝑑𝑑   to obtain the optimumrevised
price (𝑝𝑝∗). erefore, we implement the numerical analysis
to obtain 𝑝𝑝∗. e pseudocodes of the proposed numerical
analysis have been included in Pseudocodes 1 and 2.

4. An Illustrative Example

In this section, an illustrative numerical example has been
included to show the efficiency of the proposed approach.
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F 6: Expected NPVs with different 𝑝𝑝, considering linear ratio
function, 𝐼𝐼0 = 400 and 𝛽𝛽 𝛽 𝛽.
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F 7: Expected NPVs with different 𝑝𝑝, considering two-
segment ratio function, 𝐼𝐼0 = 600, 𝛼𝛼 𝛼𝛼  and 𝛽𝛽 𝛽 𝛽.

e results of the proposed model (with price revision) are
compared against that without price revision. e consump-
tion trend for the �rst 15 days has been generated randomly
according to the normal distribution with 𝜇𝜇 𝜇 𝜇𝜇, 𝜎𝜎2 = 25
and included in Table 1. e other parameters are assumed
as follows: 𝑐𝑐 𝑐𝑐𝑐 , 𝑐𝑐0 = 20, 𝑠𝑠 𝑠 𝑠𝑠, 𝑝𝑝0 = 80, 𝑇𝑇 𝑇𝑇𝑇 , and
𝑡𝑡0 = 15.

Table 2 shows the expected pro�t without price revision.
is example is investigated for the three types of ratio
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F 8: Expected NPVs with different 𝑝𝑝, considering exponential
ratio function, 𝐼𝐼0 = 500, 𝛼𝛼 𝛼𝛼 𝛼𝛼 and 𝛽𝛽 𝛽𝛽𝛽𝛽 .

functions and three levels of the initial inventory (𝐼𝐼0),
including 400, 500, and 600, and the results are summarized
in Tables 3, 4, and 5, respectively. In these tables, the columns
of 𝑝𝑝∗E and NPV∗

E indicate the optimum solutions based on
the estimated demand rate within the interval [0, 𝑡𝑡0] (i.e., the
proposed approach), the columns of 𝑝𝑝∗A and NPV∗

A show the
optimum solutions based on the actual demand rate, with
the mean 18 and variance 25 (which are unknown for us),
the column of NPVA(𝑝𝑝

∗
E) shows the expected NPV based on

the actual demand rate for 𝑝𝑝∗E, and �nally the last column
shows the relative gap betweenNPVA(𝑝𝑝

∗
E) and expectedNPV

without the price revision included in the last row of Table
2 (i.e., NPVW); this column has been calculated as follows:
((NPVA(𝑝𝑝

∗
E) − NPVW)/NPVW) × 100. Also, Figures 6, 7,

and 8 display the plots of NPVE and NPVA against 𝑝𝑝 for
three sample cases. In these �gures, the terms of “actual” and
“estimated” refer to NPVA and NPVE, respectively.

e computational results indicated that in all the cases,
except three cases in Table 4, the proposed approach gives
better results in comparison with the state in which price
revision is not considered. Also, for those cases in which the
improvement percent is negative, the amount of loss in the
expected NPV is insigni�cant. It can be observed that the
optimum revised price for the estimated demand rate (𝑝𝑝∗E)
has no signi�cant difference with that for the actual demand
rate (𝑝𝑝∗A); this implies that monitoring demand rate within
the interval [0, 𝑡𝑡0] to estimate demand rate can provide an
efficient approximation for the problem.

5. Sensitivity Analysis

In this section, we investigate the model’s sensitivity with
respect to the different parameters of the ratio functions.e
relationship between NPVE and different values of 𝛼𝛼 and 𝛽𝛽,
for the two-segment and exponential ratio functions, have
been plotted in Figures 9 and 10, respectively. From Figures
9 and 10, we can observe that the two-segment ratio function
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Function𝑝𝑝𝑝𝑝𝑝𝑝 𝑝𝑝𝑝
𝜀𝜀 𝜀 𝜀𝜀 𝜀 Initialize 𝜀𝜀; where 𝜀𝜀 is the length of each step at each iteration
Δ ←⟨⟩⊳   Initialize Δ; Δ > 2𝜀𝜀 where Δ is the calculation accuracy
𝑝𝑝1 = 𝑎𝑎
𝑝𝑝2 = 𝑏𝑏
repeat

𝑝𝑝 𝑝 𝑝𝑝𝑝1 + 𝑝𝑝2)/2
if 𝜇𝜇NPV(𝑝𝑝𝑝 𝑝𝑝𝑝 NPV(𝑝𝑝 𝑝𝑝𝑝 𝑝 then

𝑝𝑝2 = 𝑝𝑝
else

𝑝𝑝1 = 𝑝𝑝
End if

until 𝑝𝑝2 − 𝑝𝑝1 < Δ ⊳ Check �nishing criterion
return 𝑝𝑝

End Function

P 1: Pseudocode for obtaining the best revised price within the interval (𝑎𝑎𝑎𝑎𝑎𝑎 .

Function 𝑝𝑝∗

case ratio_function of
Linear:

𝑝𝑝∗ = 𝑝𝑝𝑝𝑝𝑝0, 𝛽𝛽𝛽𝛽0)
Two_Segment:

𝑝𝑝1 = 𝑝𝑝𝑝𝑝𝑝0, 𝑝𝑝0)
𝑝𝑝2 = 𝑝𝑝𝑝𝑝𝑝0, 𝛽𝛽𝛽𝛽0)

if 𝜇𝜇NPV(𝑝𝑝1) > 𝜇𝜇NPV(𝑝𝑝2) then
𝑝𝑝∗ = 𝑝𝑝1

else
𝑝𝑝∗ = 𝑝𝑝2

End if
Exponential:

𝑝𝑝∗ = 𝑝𝑝𝑝𝑝𝑝0,∞)
End case
return 𝑝𝑝∗

End Function

P 2: Pseudocode for obtaining the optimal revised price (𝑝𝑝∗).

is more sensitive than the exponential ratio function. In the
two-segment ratio function, 𝛼𝛼 is more sensitive than 𝛽𝛽within
the interval [−40, 60); conversely, within the interval [60,∞),
𝛽𝛽 is more sensitive than 𝛼𝛼. Also in the exponential ratio
function, 𝛼𝛼 is generally more sensitive than 𝛽𝛽.

6. Conclusion and Directions for
Future Research

In this paper, we presented a price-dependent model for
the single period inventory problem. Considering the fact
that the distribution of the demand rate is unknown at
the beginning of the period, we attempted to estimate the
parameters of the demand rate distribution by investigating
the consumption trendwithin a speci�c section of the period.
ree functions were suggested to represent the demand
rate as a function of selling price. �e attempted to �nd the
optimum revised price so as to maximize the expected NPV

at the end of the period. A numerical example was solved
for di�erent con�gurations, and the results were compared
against the state in which price revision is not considered.
e results revealed signi�cant improvement when the price
revision is considered. Furthermore, it was concluded that
the optimum revised price for the estimated demand rate
has no signi�cant di�erence with that for the actual demand
rate; this implies that monitoring the consumption trend
within a section of the period to estimate the parameters
of the demand rate distribution can provide an efficient
approximation for the problem.

At the end, for the future researches, we suggest the
following guidelines.

(i) Developing the proposed approach for dynamic price
revision.

(ii) Using the other functions to represent the demand
rate as a function of selling price, such as multiseg-
ment, combinational, and fuzzy functions.
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F 9: Sensitivity plot for two-segment ratio function with 𝐼𝐼0 =
680 and initial parameters 𝛼𝛼 𝛼 𝛼 and 𝛽𝛽 𝛽 𝛽𝛽𝛽.
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F 10: Sensitivity plot for exponential ratio function with 𝐼𝐼0 =
500 and initial parameters 𝛼𝛼 𝛼𝛼𝛼 𝛼 and 𝛽𝛽 𝛽 𝛽𝛽𝛽.

(iii) Developing amathematicalmethod in order to obtain
revision point with more accuracy.

(iv) Considering time-dependent holding cost in the
model.

(v) Using other distribution functions such as uniform
distribution and Poisson distribution, as the distribu-
tion of the demand rate.

ese suggestions remain critical issues for the future studies.
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